ABSTRACT The principal vectors of chikungunya and dengue viruses typically oviposit in water-filled artificial and natural containers, including tree holes. Despite the risk these and similar tree hole-inhabiting mosquitoes present to global public health, surprisingly few studies have been conducted to determine an efficient method of applying larvicides specifically to tree holes. The Stihl SR 450, a backpack sprayer commonly utilized during military and civilian vector control operations, may be suitable for controlling larval tree-hole mosquitoes, as it is capable of delivering broadcast applications of granular and liquid dispersible formulations of Bacillus thuringiensis var. israelensis (Bti) to a large area relatively quickly. We compared the application effectiveness of two granular (AllPro Sustain MGB and VectoBac GR) and two liquid (Aquabac XT and VectoBac WDG) formulations of Bti in containers placed on bare ground, placed beneath vegetative cover, and hung 1.5 or 3 m above the ground to simulate tree holes. Aedes aegypti (L.) larval mortality and Bti droplet and granule density data (when appropriate) were recorded for each formulation. Overall, granular formulations of Bti resulted in higher mortality rates in the simulated tree-hole habitats, whereas applications of granular and liquid formulations resulted in similar levels of larval mortality in containers placed on the ground in the open and beneath vegetation.
Dengue virus (DENV) is estimated to infect as many as 390 million people per year (Bhatt 2013) , making it one of the most rapidly spreading mosquito-borne viral diseases (World Health Organization [WHO] 2014). Chikungunya virus (CHIKV), another mosquito-borne viral disease, has also gained increased attention since this virus recently spread throughout the Western Hemisphere following its introduction to Saint Martin in December 2013 (WHO 2014) . While both viral diseases result in high fever and severe joint pain, dengue can be fatal when it develops into dengue hemorrhagic fever or dengue shock syndrome (WHO 2009 , Pan American Health Organization [PAHO] 2011). The debilitating effects and potential lethality of DENV and CHIKV make them a significant threat to the operational readiness of personnel in the armed forces living and operating in regions where these diseases occur (Pages et al. 2010) . With no vaccines or other medical treatments currently available, the primary methods for preventing the spread of these two diseases are through personal protective measures (PPM), vector source reduction (by removing or modifying larval production sites), and chemical control (Eisen et al. 2009 , PAHO 2011 . Often, PPM is the last line of defense against vector borne disease for military personnel (Pages et al. 2010 ), but compliance is often low among deployed personnel (Vickery et al. 2008) . Therefore, vector population control must also be utilized to minimize the risk of vector-borne disease during contingency operations.
Two principal vectors of DENV and CHIK, Aedes aegypti (L.) and Aedes albopictus (Skuse), utilize a variety of natural and artificial water containers as larval habitats (Rozendaal, 1997 , WHO 2009 , Simard et al. 2005 , Bonizzonil et al. 2013 . Given the number and diversity of potential larval habitats for these species in a given environment, their identification, individual treatment, removal, and modification can be logistically demanding (Sun et al. 2014) . In complex operational environments encountered by entomologists and pest management specialists in the armed forces during combat or humanitarian operations, the required resources and labor force are not typically available to Mention of a trademark, vendor, or proprietary product does not constitute a guarantee or warranty of the product by the US Military and does not imply its approval to the exclusion of other products that may also be suitable. The views expressed in this manuscript are those of the authors and do not reflect the official policy or position of the Navy and Marine Corps Public Health Center, Navy Bureau of Medicine and Surgery, Department of the Navy, Department of Defense, or the U.S. Government.focus on larval habitat reduction. Vector suppression efforts by public health workers operating in developing countries are also expected to be impacted by similar logistical constraints. Broadcast applications of various larval control agents overcome this logistical hurdle (Lam et al. 2010 ) by delivering lethal doses of active ingredient to multiple, often cryptic larval habitats, without having to individually treat each potential habitat (Jacups et al. 2013 , Dunford et al. 2014 , Harwood et al. 2014 . Moreover, broadcast applications have been shown to be more cost-effective and require less time and labor than larval source reduction alone (Sun et al. 2014) .
While Ae. aegypti and Ae. albopictus primarily inhabit artificial containers around human habitations, these and several other significant mosquito vectors will utilize naturally occurring containers, such as water-filled tree holes (Porter et al. 1961 ,Samarawickrema et al. 1993 , Simard et al. 2005 , Obenauer et al. 2009 ). There is abundant literature on controlling these vectors in artificial containers (Jacups et al. 2013 , Harwood et al. 2014 , Sun et al. 2014 ), but despite the potential larval habitats that tree holes provide these vectors, fewer evaluations have been conducted for establishing effective larvicide application techniques to tree holes. The studies that have been conducted are often dated and utilized materials and machinery that are no longer available or logistically feasible (Brannan, 1964 , Oldham et al. 1972 . Other tested methods involve using commonly utilized materials, such as Bacillus thuringiensis var. israelensis (Bti) to control immature mosquitoes in tree-hole habitats, but the application methods involve individually targeting all possible (and potentially difficult to find) larval production sites in the environment (DeMalo et al. 1981 , Riviere et al. 1987 . The lack of current information regarding treating tree-hole habitats demonstrates a significant gap in vector control capabilities. With the growing threat that tree hole-inhabiting mosquitoes pose to global human health, it is prudent to identify an efficient method for targeting these neglected larval habitats.
B. t. israelensis, a gram-positive, spore-forming entomopathogenic bacterium, has been demonstrated to effectively reduce the populations of DENV and CHIKV vectors (Tan et al. 2012 ). The bacterium is highly selective, controlling only targeted species, while populations of other arthropods remain intact (Warren et al. 1984 , Lawler et al. 1999 . It can be effectively dispersed with a variety of application techniques, including ultra-low volume, thermal fog, and misting (Lee et al. 1996 , Dunford et al. 2014 . However, vegetative cover has been implicated to affect Bti efficacy of liquid applications in controlling mosquito larvae (Kelly and Henley 1995) . Granular formulations are often cited as providing better penetration through dense vegetative cover (WHO 2006) , while experimental data show mist application of liquids are also capable of penetrating to larval habitats beneath vegetation (Jacups et al. 2013 ). Granular and liquid broadcast Bti applications have not been directly compared for treating larval habitats beneath vegetation, nor into containers, such as tree holes, at different heights above the ground. Here, the efficacies of two granular and two liquid Bti formulations in penetrating larval habitats and killing Ae. aegypti larvae are directly compared in a variety of field simulations when applied using a backpack sprayer into containers at varying distances and heights from the applicator. Based on droplet and granule deposition and larval mortality data from this model system, determinations can be made regarding which formulation type or specific product may be better suited for treating for larvae in artificial containers and tree holes for future evaluations and field applications.
Materials and Methods
Pesticide Applications. All larvicide applications were made with a Stihl SR 450 (Stihl Inc., Virginia Beach, VA) backpack sprayer with the conical baffle screen fitted to the nozzle. This sprayer was selected based on its ability to spray granular and liquid formulations, and its availability for U.S. Department of Defense personnel during contingency operations. The SR 450 has been demonstrated to effectively deliver liquid formulations of Bti up to 15.24 m from the applicator (Dunford et al 2014) , but has not been evaluated for effectiveness in delivering granular Bti in a similar manner. Four different Bti larvicide products were evaluated here, of which two are delivered as a granular formulation: 1) VectoBac GR (Valent Bio-Sciences, Libertyville, IL), 2.8% Bti strain AM 65-52 with a potency of 200 international toxic units (ITU) per milligram, and a granule diameter that ranges from 0.8 to 2.0 mm, and 2) Allpro Sustain MGB (AllPro Vector Group, Northville, MI), 5.7% Bti strain BMP 144 with a potency of 400 ITU/mg, and a granule diameter that ranges from 1.0 to 5.0 mm; and the other two are mixed in water for application: 1) VectoBac WDG (Valent Bio-Sciences, Libertyville, IL), a water-dispersible granule composed of 37.4% Bti strain AM 65-52 with a potency of 3,000 ITU/mg, and 2) AquabacXT (AllPro Vector Group, Northville, MI) a liquid formulation, composed of 8.0% Bti strain BMP 144, with a potency of 1,200 ITU/mg. VectoBac GR was applied at a rate of 1.1 kg/1,000 m 2 with flow rate of 1.29 kg/min sprayed at a walking speed of 4.5 km/h for 5 sec during the distance evaluation and 10 sec during the height and distance evaluation. Sustain MBG was applied at a rate of 0.9 kg/1,000 m 2 , with a flow rate of 1.29 kg/min sprayed at a walking speed of 5.6 km/h for 4 sec during the distance evaluation and 8 sec during the height and distance evaluation. Eighty-two milliliters of AquabacXT and 34 g of VectoBac WDG were each separately mixed into 7.5 liters of water. Applications of each mixture were made at the rate of 1 liter/1,000 m 2 at a flow rate of 248 ml/min at a walking speed of 0.8 km/h, for 27 sec during the distance evaluation and 54 sec during the height and distance evaluation.
Distance Evaluation. All field trials were conducted at Camp Blanding Joint Training Center, Starke, FL (29 57 0 6.84 00 N, 81 58 0 47.64 00 W), from JulySeptember 2014 (Fig. 1) . To determine dispersal distance in an open area with no vegetative coverage, 445 cm 3 cylindrical plastic containers (r ¼ 4.5 cm; h ¼ 7 cm) filled with 235 ml of water were placed in a single line transect beginning 3 m from the applicator and spaced every 3 m up to a distance of 15 m. Applications were made by walking a 6-m spray line perpendicular to the containers, so that the total application area was 90 m 2 . Backpack nozzle was held at a 45 angle relative to the ground. Control containers were sprayed with water only, using the same methods as the other liquid applications. An environmental control was also tested, in which containers filled with 235 ml of water were placed in the study area for 10 min, but no applications were made. After application, all containers were sealed and returned to the laboratory for larval bioassays. Each application was replicated six times over the course of two days. Each treatment was sprayed three times per day and the order that treatments were applied was randomized. To minimize the potential of contamination, a separate sprayer was used for each Bti treatment and the control during each spray day. After the applications, all machines were triple rinsed and randomly assigned to a new treatment on the following spray day. Applications were sprayed from south to north. On the first day, winds were 1.6 km/h from south-west, temperature ranged from 24 to 27 C, and relative humidity (RH) ranged from 94 and 100%. On the second day, winds were 1.1 km/h from south-east, temperature ranged from 27 to 30 C, and RH ranged from 51 to 70%.
Distance and Height Evaluation. To determine the ability of the Stihl SR 450 backpack sprayer to deliver the different Bti formulations into tree holes and water containers under heavy vegetation, simulated tree holes were attached to the trunks of slash pine trees (Pinus elliottii Engelmann), at 1.5 and 3 m aboveground ( Fig. 1) and artificial containers were placed on the ground beneath the understory. Previous studies on habitat preference have indicated that larval Ae. aegypti and Ae. albopictus will inhabit containers between these heights (Chadee 1991 , Obenauer et al. 2009 . Artificial tree holes were constructed from polyvinyl chloride (PVC) pipe with a 5.1-cm inner diameter, cut to 30.5 cm in length. A PVC cap was placed on the bottom end to seal each pipe and two small holes were drilled at 5 cm from the top end (Fig. 1a) through which rope was threaded, allowing the artificial tree hole to be suspended on nails inserted into the tree trunk. This design was chosen as an experimental model for tree holes based on similar designs used to sample tree frogs in previous studies (Boughton et al. 2000) . Prior to the Bti application, 235 ml of water was poured into each tree hole, which was then hung from the tree. Additionally, a 445-cm 3 cylindrical plastic container (r ¼ 4.5 cm; h ¼ 7 cm) filled with 235 ml of water was placed at the base of each tree, beneath the understory vegetation, which consisted mainly of gallberry (Ilex sp.). Tree holes and containers were positioned in this manner on four different trees, measuring 3.7, 7.6, 10.7, and 15.5 m from the applicator. Distances were selected based on the arrangement of the trees in the field site. The applications were made by walking a 12 -m spray line perpendicular to the field site. The nozzle of the sprayer alternated in a sweeping motion between 0 and 45 angle relative to the ground every 1 sec during the liquid applications and approximately every 0.5 sec during granular applications. Application rates for each pesticide were doubled to accommodate the larger area being treated. Control water spray applications were conducted with the same parameters as other liquid applications. An environmental control was also tested in which cups were placed in the field site for 10 min with no applications. Five minutes following the application, each tree hole was lowered and all of the contents inside were emptied into a plastic container, sealed, and returned to the laboratory for larval bioassays. New artificial tree holes were placed at each position for each treatment and each replicate during the spray day. Following all applications, the tree holes were triple rinsed with water and allowed to dry under full sun for a week before the subsequent spray day. All treatments were replicated six times over the course of 3 d. Each treatment was applied twice each day, the order that the treatments were applied was completely randomized, and all were sprayed from south to north. On the first day, winds were 2.3 km/h from north-northwest, temperature ranged from 25 to 28 C, and RH ranged from 72 to 91%. On the second day, winds were 1.1 km/h from south-east, temperature ranged from 25 to 31 C, and RH ranged from 76.7 to 86.7%. On the third day, winds were 1.1 km/h from south-southeast, temperature ranged from 25 to 28 C, and RH ranged from 89 to 94%.
Larval Bioassays. Larval bioassays consisted of introducing 20 third-to early fourth-instar Ae. aegypti (Orlando Strain) larvae into each plastic container 2 h after the application. Larvae were provided a food source consisting of a 2% slurry of bovine liver extract and brewer's yeast (3:2). Larval mortality was recorded 48 h posttreatment.
Droplet Analysis. For all liquid larvicide applications in the open area, one 7.5 by 2.5 cm water-sensitive card (Spraying Systems Co. Wheaton, IL) was placed on the ground next to each container for droplet collection. Droplet deposition was similarly quantified by water only applications to containers beneath vegetation and into simulated tree holes. Water-sensitive cards were attached horizontally to the top of each simulated tree hole and placed directly on the forest floor beneath the understory canopy next to the containers for ground deposits. Cards were scanned with a flatbed scanner and analyzed using the Stainalysis (REMS Spray Consulting, Ayr, ON, Canada) software to determine the droplet density (droplets per square centimeter) and the volume median diameter (VMD [Dv 0.5 ]). The VMD represents the droplet diameter (mm) in which 50% of spray volume is composed of droplets smaller than VMD.
Statistical Analysis. All statistical analysis was conducted with Intel Visual Fortran Composer XE 2013 with a ¼ 0.05. The Kolmogorov-Smirnov test (Smirnov 1939) showed that all the datasets were non-normal, and the Bartlett test (Bartlett 1937) showed nonhomogeneity of variances. Thus nonparametric Kruskal-Wallis (K-W) hypothesis tests (Kruskal and Wallis 1952) were conducted.
For containers placed in the open area, a two-way nonparametric K-W analysis (a ¼ 0.05) compared average larval mortality among four treatments (AquabacXT, Sustain MGB, VectoBac GR, and VectoBac WDG) to the two controls at five distances (3, 6, 9, 12, and 15 m) as well as the treatment Â distance interaction (N 1 Â N 2 ¼ 30; n ¼ 6 replicates). Subsequent Tukey multiple-comparisons tests were conducted to identify those treatments that were significantly different from each other. The effect of distance and treatment on the average number of visible granules in each container and droplet size and droplet density near each container were also analyzed using two-way K-W analysis.
For containers placed under dense vegetation and attached to trees, a three-way K-W analysis (a ¼ 0.05) was used to compare average larval mortality levels among the four treatments (AquabacXT, Sustain MGB, VectoBac GR, and VectoBac WDG) compared with two controls at four distances (3.7, 7.6, 10.7, and 15.5 m) at three different heights (0, 1.5, and 3 m). Subsequent Tukey multiple-comparison tests were conducted to identify the specific treatments that were significantly different from each other. Separate twoway K-W tests were also conducted on these data to examine the effect of treatment and distance on larval mortality at the three separate heights, independent of each other. The effect of distance, height, and treatment on the average number of visible granules in each container, droplet size, and droplet density next to each container were analyzed using a three-way K-W analysis.
Results
For containers placed directly on the ground with no vegetative coverage, applications of VectoBac GR resulted in the highest larval mortality. VectoBac WDG achieved the second highest larval mortality, followed by AquabacXT, and, finally, Sustain MGB. All four Bti treatments resulted in significantly higher mortality than the controls (v 2 ¼ 17.081; df ¼ 5; P < 0.0001; Fig. 2 ). Larval mortality was influenced by the container's distance from the applicator, such that mortality generally decreased with increased distance (v 2 ¼ 5.51; df ¼ 4; P ¼ 0.0002; Fig. 3 ). Based on the Tukey multiple-comparisons test, larval mortality was highest at 6 m from the applicator, followed by 3, 9, 12, and 15 m, regardless of the Bti type. There was no significant interaction between distance and Bti treatment.
Deposition rates were similar between the two granular Bti products (v 2 ¼ 2.80; df ¼ 1; P ¼ 0.0996). Granular deposition rates decreased as the distance of the container from the applicator increased, with number of granules deposited into each container being greatest in containers placed at 3-9 m from the applicator (v 2 ¼ 7.06; df 1 ¼ 4; P < 0.0001; Fig. 3 ). Droplet density measured on water-sensitive card was influenced by an interaction between the formulation and distance it was placed from the applicator (v 2 ¼ 2.25; df ¼ 8; P ¼ 0.043; Fig. 3 ). Droplet sizes of liquid applications were not affected by the product being sprayed, but droplet size (VMD) decreased with increasing distance (v 2 ¼ 6.83; df ¼ 4; P < 0.0001), such that the droplet sizes were largest at 3-6 m and smallest at 12-15 m from the applicator (Table 1) .
For simulated tree holes and containers placed under dense vegetation, all larvicide treatments resulted in significantly higher mortality compared with controls (v 2 ¼ 50.92, df ¼ 5; P < 0.0001) (Fig. 4) . Generally, as the distance from the applicator increased, larval mortality in the container decreased (v 2 ¼ 3.15; df ¼ 3; P ¼ 0.025) (Fig. 5) , such that larval mortality was similar at 3.7-10.7 m from the applicator, and less at 15.5 m. Based on individual analysis of containers placed on the ground beneath vegetation, all four Bti products resulted in similar levels of larval mortality, (v 2 ¼ 15.15; df ¼ 5; P < 0.0001) (Fig. 4) . For simulated tree holes suspended 1.5 and 3 m above ground, applications of the two granular products resulted in similar mortality rates at both heights, and VectoBac GR resulted in higher larval mortality than the two liquid formulations. Sustain MBG produced similar mortality rates as VectoBac WDG, but resulted in significantly higher larval mortality compared with AquabacXT. VectoBac WDG resulted in higher larval mortality compared with AquabacXT, and all larvicides resulted in higher larval mortality than controls (1.5 m: v 2 ¼ 18.85, df ¼ 5, P < 0.0001; 3 m: v 2 ¼ 20.96, df 1 ¼ 5, P < 0.0001; Fig. 4) . VectoBac GR dispensed a greater number of granules to each container compared with Sustain MGB during application to containers placed under dense vegetation and to simulated tree holes (v 2 ¼ 6.749; df ¼ 1; P ¼ 0.011). The height of the container did not affect the number of granules delivered, but the number of granules delivered to containers decreased with distance (v 2 ¼ 18.7929; df ¼ 3; P < 0.0001), such that the greatest deposition rates were achieved at 3.7 m from the applicator (Fig. 5) . Height of simulated tree hole did not influence droplet density or droplet size for applications with water only. Droplet density was found to decrease with increased distance (v 2 ¼ 4.28; df ¼ 3; P ¼ 0.012; Fig. 5 ). Also, droplet sizes for the VMD all decreased with increased distance from the applicator (v 2 ¼ 4.27; df ¼ 3; P ¼ 0.0123; Table 2 ).
Discussion
While only Ae. aegypti larvae were used as a model for both vectors, the results presented here are relevant to controlling both species owing to similar larval habitats (Simard et al. 2005 ) and susceptibility to Bti (Lam et al. 2010 , Tan et al. 2012 , Jacups et al. 2013 ). Additionally, the data describe the ability of each Bti formulation to penetrate into specific larval habitats, which can inform the control methods for other mosquito vectors that develop in similar containers. The Stihl SR 450 is demonstrated to be an effective pesticide delivery system for applying both granular-and liquid-based larvicides to containers. As observed during previous misting applications using Stihl backpack sprayers (Jacups et al. 2013 , Dunford et al. 2014 ), our data demonstrate that the SR 450 provides the greatest levels of control out to 10.7 m, with efficacy declining beyond. However, larval mortality was still achieved out to the maximum distance assessed here, 15.5 m, and likely extended beyond this distance (Jacups et al. 2013) . In any case, maximum distance of applied material would be affected by wind direction relative to the applicator, so if sprays were conducted upwind from larval habitats, the swath width would likely increase. The effect of application distance on the larval mortality appears to be related to the deposition rates of the droplets and granules being applied. The greatest density of large droplets and the greatest number of granules were delivered to water containers closest to the applicator, regardless of the container's height. Delivery of fewer and smaller droplets to containers farthest from the applicator explains the reduction in mortality in our study for the liquid formulations because fewer bacterial spores are expected to have been delivered (Morris 1977) . Similarly, decreased deposition of granules to the farthest containers explains the decreased larval mortality observed in our study during granular applications and as reported by Djènontin et al. (2014) . Interestingly, in some containers, at the furthest application distances, there were no visible granules, yet high levels of larval mortality were still achieved. Dust coming off the granule may explain the high mortality in containers with few or no observable granules (Goss et al. 1996) . Even high durability granules are expected to give off some dust owing to shipping, formulating, or during the actual application (Goss et al. 1996) , with average dust sizes ranging in size between 20 and 65 m, depending on the carrier being used (Goss and Reisch 1988) .
Of the four Bti products tested, VectoBac GR resulted in the highest average mortality in all conditions, while the effect of Sustain MBG on larval morality differed between the two evaluations. In open conditions, where no vegetative cover occurred, Sustain MBG provided the lowest levels of larval morality compared with all the other products, whereas it resulted in similar levels of mortality as VectoBac GR in containers under vegetation and in the simulated tree holes. This may be because of differences in how the applications were made. In the evaluation where the containers were placed on only bare ground, the nozzle of the sprayer was held at a 45 , relative to the ground, whereas during the evaluation with the artificial tree holes and containers beneath vegetation, the nozzle alternated between 0 and 45 . It has been demonstrated that different nozzle angles cause different distribution of particles, and that by combining different nozzle angles, pesticide penetration generally improves (Landers and Farooq 2004) . By alternating the nozzle angle quickly, the deposition and dispersal of the granules and dust particles may have improved, but this result requires further evaluation to confirm if this application method consistently increases penetration and dispersal distance of granules.
The efficacy of the liquid Bti AquabacXT was dependent on the area being treated. When containers were placed on the ground with no obstructions, applications of AquabacXT resulted in similar mortality rates as VectoBac WDG, and resulted in similar levels of mortality as all other products in containers placed beneath vegetation. The efficacy of AquabacXT was drastically reduced when delivered to the artificial tree holes, with applications of all other products resulting in higher larval mortality. This result is difficult to explain from the current study, and is not likely due solely to environmental conditions, as the order that products were sprayed was randomized. However, the size of the droplets may help explain this result (Curtis and Beidler 1996, Harwood et al. 2014) . Although there was no significant difference in the droplet sizes between Vectobac WDG and AquabacXT, the VMD was slightly smaller for sprays of AquabacXT. This reduction in droplet size might be because of differences in how the two products are diluted into the water; as Vectobac WDG is a wettable granular, it likely affects the viscosity of the water being sprayed differently from the AquabacXT, which is highly viscous. The higher viscosity of the AquabacXT dilution may then create smaller droplets when sprayed from the machine, as seen in previous studies where the droplet sizes produced by machines change based on the viscosity of what is sprayed (Bache and Johnstone 1992, Farooq 2002) . The smaller particles would be expected to have a lower settling velocity and, hence, longer atmospheric residence (Curtis and Beidler 1996) , which may cause the droplet to be unable to settle into the water in the artificial tree hole as readily as other formulations. Those smaller droplets would also contain less Bti (Morris 1977) , which also have a lower toxicity compared with the Vectobac WDG.
The data presented here further supports the ability of the Stihl SR450 to control container-inhabiting mosquitoes over a distance of up to 15 m with liquid formulations (Dunford et al. 2014 ) and demonstrates its capability to disperse granules to a variety of larval habitats. The granular formulations were not found to provide better control than liquid ones beneath vegetation, but were found to be more successful at killing larvae in simulated tree holes. Vegetation type may influence the ability of fluids to penetrate larval production sites located in the lower canopy, but based on our results and those presented by Jacups et al. (2013) , liquid applications may be effective enough if granules are not available. However, further evaluations in environments with different plant community compositions should be conducted. The ability of granule applications to kill more larval mosquitoes than liquid applications in the artificial tree holes is a promising result, and demonstrates the need for further evaluation on their ability to control tree hole-inhabiting mosquitoes in naturally occurring tree holes and at greater heights. The speed, mobility, and simplicity of the application methods described here show promise in being able to quickly reduce populations of container-inhabiting mosquitoes that transmit DENV, CHIKV, and other diseases in complex operational environments encountered during humanitarian-and combat-based missions.
